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Introduction
are described herein from Middle Ordovician (Trentonian) rocks of Ontario. The irregular topography of these surfaces provided a variety of microhabitats, differing in degree of exposure to turbulence, intensity of sunlight, and other physical parameters. These appear to represent the oldest described hard substrate communities which show both upper surface and crevice encrusters.
Regional Stratigraphic Setting
In its type area, near Lake Simcoe, Ontario ( (Figs. 2, 3) . These include irregular surfaces, dark staining, undercut knobs, borings and encrusting fossils (Figs. 2, 3C) . A fourth hardground, represented by fossil-encrusted slabs in the Kopf Collection of the University of Cincinnati (see Fig. 7 ), occurs at a slightly lower horizon of the Bobcaygeon, now below water level in the Kirkfield Quarry. This probably represents the Edrioaster bed of Sinclair (1951).
Description of the Hardgrounds
In a preliminary study, Brookfield (1974) defined three categories of hardgrounds in Middle Ordovician carbonate rocks from Ontario. These are: Type I, planar surfaces which truncate shells and intraclasts; Type II, irregular surfaces resulting from partial erosion of burrows; and Type III, lithified layers exhibiting undercutting. In each instance early submarine lithification of the surfaces is indicated by the presence of borings and/or encrusting faunas. Hardgrounds examined in detail from the upper Bobcaygeon Formation at Kirkfield, Ontario conform to Brookfield's categories II and III. In fact, these two types appear to grade into one another. Burrowed surfaces were probably precursors of undercut Type III hardgrounds, the latter being derived by erosive scouring of burrow tunnels, as described by Palmer and Fiirsich (1974) and Palmer (1978) .
Bobcaygeon hardgrounds are developed on the surfaces of biomicrites containing strophomenoid brachiopods and other fossils as well as burrows. Hardgrounds occur as laterally discontinuous patches, the surfaces of which are irregularly sculptured and exhibit numerous circular borings 1-3 mm in diameter (Figs. 2, 3C) skeletal debris, consisting chiefly of crinoid ossicles and brachiopod and bryozoan fragments. Occasionally, limestone pebbles, apparently derived from the hardgrounds, also occur in the depressions. This debris is overlain, in turn, by burrowed dark gray mudstone.
Cross sections of the hardground hummocks reveal an irregular profile with relief of 5-10 cm between depressions and adjacent raised knobs (Fig. 2) . In places the hummock walls are undercut leaving thin ledges which may project several centimeters outward. These ledges may be bored and encrusted on both upper and lower surfaces (Fig. 4J) . In some instances collapse of ledges has resulted in juxtaposition of upper and lower surfaces and "sandwiching" of encrusting bryozoans between the respective surfaces. Such superimposed surfaces frequently show stylolitized contacts.
Depressions on the hardground surfaces lead internally to a system of burrow tunnels which are filled with skeletal debris and micrite (Fig. 3A) . Incompletely filled burrow tunnels show geopetal structures, unfilled upper portions having been secondarily filled with sparry calcite. The walls of many burrows are sharply defined, suggesting that induration of wall sediments prevented deformation by compaction. Most burrows are surrounded by halos of light colored matrix sediment (Fig. 3A) . Similar halos, produced by oxidation of wall sediment in contact with seawater, are typical of modern burrow tunnels (Hallam 1975, p. 57).
Surfaces of the hardground hummocks exhibit enlarged sinuous cracks which appear wedge-shaped in cross section with a broadened upper portion, 2-3 mm wide, tapering rapidly to a fine hairline fracture. Cracks appear to post-date early stages of sediment lithification since they cross-cut borings (Fig. 3B) To quantitatively determine the composition of organisms in each of the subenvironments, each slab was first inspected and subdivided into the various regions according to the above criteria. The boundaries of these regions, as well as the outlines of fossils, were then traced onto transparent acetate overlay sheets. Areas of the various regions were determined using a metric grid and percentage coverage by encrusting organisms was calculated (Table 1) .
Counts of diversity and estimates of areal coverage of some encrusting forms were obtained for about 3200 cm2 of upper surface, while only 611 cm2 of the lateral surface were represented. Due to the collapse of overhanging ledges, observations of the undersurfaces were limited to a few slabs, yielding only 300 cm2 of ledge lower surface for study. Therefore, inferences on undersurface community structure must be regarded as tentative.
Hardground Fauna
Borings.-The most prolific members of the preserved hardground fauna were the occupants of cylindrical holes belonging to the ichnogenus Trypanites (sensu Bromley 1970 Bromley , 1972 . These holes are circular in outline, ranging from approximately 0.1 to 2.0 mm in diameter and exhibiting straight-sided walls which taper gradually to a roundly pointed terminus. Most pits are sharply defined and some cut skeletal grains (Fig. 3D) Bryozoans.-Bryozoans are the most numerous and diverse encrusting fossils on Bobcaygeon hardgrounds and they cover by far the largest amount of surface area. Approximately 18% of the total examined surface of the Kopf slabs was covered by the zoaria of various bryozoans. Macroscopically, ten different categories of bryozoans were recognized on the basis of growth form and external features such as zooecial size, shape, and presence or absence of monticules or maculae. Sections permitted further subdivision into approximately fourteen categories, including nine trepostomes, two cyclostomes, two cryptostomes, and one cystoporate bryozoan (Table 1) . Generic identification of many forms is rendered difficult due to the thinness of the encrusting lamellae and abrasion of the zoaria. Silicification has further obscured the internal detail of some specimens.
Among the trepostome bryozoans, lamellate encrusting zoaria are most common; at least three species exhibit this growth form. The first and most abundant species, Heterotrypa sp. occurs as irregular patches up to 50 mm across in maximum dimension and exhibiting relatively large hexagonal zooecia (Figs. 4E, in part; 4J). A second species frequently forms very thin encrusting sheets covering large areas on the undersurfaces of ledges; the form is tentatively identified as a monticuliporoid bryozoan (Fig. 41) . A third lamellate form (undet. trepostome A) possesses rounded acanthopores which give the zoarium a distinctive rough surface texture.
Another important category of encrusting trepostomes is represented by small, roughly circular patches on the upper surfaces of the hardgrounds. Small domal forms with clearly defined mesopores and relatively smooth surfaces are tentatively identified as Prasopora sp. A second form consists of circular, very low zoaria with radially arranged rather large rhomboidal zooecia (undet. trepostome B). Thirdly, small hemispherical bryozoan zoaria with simple thin-walled zooecia and regularly spaced thin diaphragms are identified as Monotrypa ? sp.
Several conical mounds representing basal expansions of ramose trepostome bryozoans are cemented to the Kopf slabs (Fig. 4A) . Large branch fragments, probably derived from the same zoaria, also occur in pockets on the hardground surfaces. Acetate peels from both portions indicate that at least two ramose species were present, Hallopora sp. and Hemiphragma sp. aff. H. tenuimurale Ulrich.
Cyclostome bryozoans are represented on the hardground by minute chain-like colonies of Corynotrypa (Fig. 4D) . In two instances colonies of this form encrusted other bryozoans and, in turn, were completely overgrown except for the zooecial apertures. Relatively large hemispherical zoaria, superficially resembling Prasopora, occur on upper surfaces of the hardground (Fig. 4F) . Sections show thick-walled zooecia with thin, widely spaced diaphragms, surrounded by vesicles. These domical zoaria represent another cyclostome bryozoan, identified as Bythotrypa laxata (Ulrich).
Ceramoporid bryozoans formed irregular lamellate patches, particularly on lateral surfaces and undersides of the ledges (Figs. 4B,  D) . Zoaria have a distinctive rough texture A very distinctive bilaminate form of cryptostome bryozoan, Stictopora ? sp., occurs on the upper sides of the Kopf slabs (Figs.  4E, H) . The zoaria of these bryozoans are elongate, ranging from 5 to 50 mm in length and up to 15 mm in width. Medially, the adjacent laminae rise vertically to form a keel-like crest about 10 mm above the remainder of the colony. The keel extends in the long direction of the zoarium and may bifurcate one or more times. Laterally, the laminae curve away from the keel on either side and become broadened encrusting expansions with irregular outer margins. One specimen exhibits a portion of the lateral margin which curves upward from the hardground surface and extends for 12 mm as a slender blade-like process. This blade strongly resembles zoaria of bryozoans belonging to the family Stictoporellidae which are also found as loose fragments on the slabs. The peculiar keel-like form may represent an adaptation of a normally erect bilaminate bryozoan to life on surfaces exposed to current scour.
A second type of cryptostome bryozoan is represented by small, fibrous, conical holdfasts (Fig. 4C) . These structures may have belonged to bryozoans of the family Ptilodictyidae, which possess a blade-or plumelike bilaminate zoarium that was moveably articulated with a fibrous holdfast. Small blades of Escharopora sp., found as part of the surficial debris on the hardground, have probably been disarticulated from such holdfasts (Fig. 4G) .
Echinoderms.-Echinoderms are a conspicuous element of the hardground fauna, which includes edrioasteriods, crinoids and paracrinoids. The large edrioasteroid Edriophus levis (Bather) occurs in dense local clusters on some hardground slabs (Figs. 5A, 7 ; Table  1 ). These echinoderms were probably permanently attached to the hard substrate by means of a flexible collar of minute plates (Bell 1977, p. 621). Other edrioasteroids are rare, represented by three specimens of isorophids (Fig. 5C ) and one specimen of Cystaster ?.
Hybocystites eldonensis (Parks) is the most abundant crinoid on the Kopf slabs (Fig.  5B) . A total of 42 calyces were observed on the 6500 cm2 of surface examined. They occur in local clusters, particularly in small pockets. The crinoids were affixed to the surface of the hardground by means of small, roughly conical holdfasts, usually 4 to 6 mm in diameter (Fig. 5H) Local clusters of Hybocystites tend to be size segregated; groupings of 3 to 5 individuals frequently show very similar thecal heights (see Fig. 7 ). This may indicate several localized larval spatfalls. Springer (1911) reports a dense cluster of over 100 specimens of Hybocystites from Kirkfield, Ontario.
Cremacrinus sp., a primitive calceocrinid crinoid, is represented by two partial and two nearly complete crowns, ranging from 8 to One partial crown of Anomalocrinus was discovered in the shale filling a crevice on one of the Kopf slabs.
The paracrinoid Amygdalocystites cf. florealis Billings is represented by a single group of three specimens located along the sidewall of a hardground hummock (Fig.  5D ). These consist of well preserved robust thecae lacking brachioles. One specimen exhibits a short upwardly-directed column. No additional specimens were observed; thus, as with certain other echinoderms occurring on the hardground, there is evidence for intraspecific clumping in these paracrinoids. Pelmatozoan holdfasts.-A variety of pelmatozoan attachment structures are cemented to the hardground. The small discoidal holdfasts of Hybocystites and Cremacrinus were identified by direct association with column and crown remains. In addition to these at least five other distinctive holdfast types occur; several of these can be tentatively correlated with known taxa.
A (Figs. 5J, 7B) . The circular column, composed of low pentameric columnals, possesses a pentagonal lumen, the angles of which are aligned with pentamere sutures, extending into the radicles.
Radicles exhibit variable growth form as a result of interference with other objects on the surface. Small specimens exhibit five symmetrically arranged rootlets; however, larger forms may show short and lobate, prong-like, or branching radicles. One specimen (Fig. 5J) The last assemblage of organisms to inhabit the hardground was a diverse group of bryozoans, short-stemmed pelmatozoans, edrioasteroids, and borers. These organisms lived on the upper as well as lateral surfaces and the undersides of ledges. Co-occurrence of these organisms is indicated by overgrowth and cross-cutting relationships between pelmatozoan holdfasts, bryozoans, and borings (Figs. 4J, 5J ). Skeletal debris, perhaps derived, in part, from the organisms inhabiting the hardground, accumulated in low spots on the surface and filled old burrow tunnels. This last hardground community was overwhelmed and buried by terrigenous muds.
The dark gray mudstone which overlies the hardground contains abundant Chondrites-type burrows and a few linguloid brachiopods. These fossils represent a soft bottom, burrowing community which postdates the hardground fauna (Fig. 8C) .
Hardground Subcommunities
The organisms attached to the hardground exhibit height partioning relative to the substrate (Fig. 9) Most of the echinoderms occur on the upper surface as there simply was not sufficient room for a stemmed pelmatozoan or large edrioasteroid to live under ledges or in many of the crevices. However, occasional crinoid holdfasts were observed on the undersurfaces of ledges. The columns of these crinoids must have grown up and around the ledges. Holdfasts do commonly occur on steeply sloping faces of the hardground hummocks where they exhibit an asymmetrical form such that the column facet is directed upright. This is most often true for the small holdfasts attributed to Hybocystites eldonensis, although these are not restricted to lateral surfaces; some occur on tops of knobs, others on ledge undersides. Presumably, certain hybocystitids settled out in less exposed habitats where they may have been sheltered from the strongest scouring. Nearly all of the large edrioasteroids occur on exposed upper surfaces, but one specimen of Edriophus was partly crushed under a collapsed ledge.
Bryozoans exhibit partitioning between upper and lateral or undersurfaces. The keellike Stictopora ? sp. is usually found on the upper surface; only three small colonies were observed on lateral surfaces. In contrast, ceramoporid bryozoans frequently occur on the undersides and steep lateral faces of ledges. Of 36 colonies, only 12 were on the upper surface and these occurred on the sides of large roots and along the keels of Stictopora ? sp., in effect occupying a microlateral surface. Average size of ceramoporid colonies appears to be considerably greater on lower and lateral surfaces than on upper portions of the hummocks. In contrast, certain sheet-like encrusting trepostome bryozoans show little preference for one surface over the other, as exemplified by colonies wrapped around ledges from lower to upper surfaces (Fig. 4J) .
Borings While certain species appear to have preferred either cryptic or exposed microhabitats of the Bobcaygeon hardground, polarity between upper and lower surface subcommunities is not so pronounced as in geologically later hardground and crevice faunas.
Comparisons with Other Paleocommunities
The Bobcaygeon hardground fauna includes about 28 species of skeletonized invertebrate fossils; all were suspension feeders (Table 1) . A non-hardground assemblage from the lowermost Verulam Formation at Kirkfield described by Liddell (1975b) contains ap- Girvanella proximately 26 species of skeletonized invertebrates, including 14 echinoderms. In contrast to the hardground community, these include several deposit feeders ( stelleroids and pleurocystitid cystoids) as well as suspension feeders (crinoids, glyptocystitid cystoids, edrioasteroids, bryozoans, and brachiopods). Another difference between the two assemblages is the much higher diversity of bryozoans on the hardground. Although certain taxa (e.g. Edriophus, Cremacrinus, Prasopora, and Platystrophia) were present in both the hardground and non-hardground faunas, a majority of the forms appear to have been restricted to a single environmental type.
Various previously described Paleozoic hardground assemblages, ranging in age from Cambrian to Devonian, are summarized in Table 2, 
